The basic aspects of the descriptive epidemiology of cervical cancer in Latin America are presented. A decrease in the incidence and mortality rates has been observed in the period from 2000 to 2012 in all countries across the region, this has not occurred at the same proportions, and in many countries, observed figures of incidence and mortality are among the highest levels in the world. In Latin America, calculating a mean measure of the numbers from the GLOBOCAN data from 2000 to 2012, we can observe a difference of up to fivefold of the incidence (Puerto Rico 9,73 Vs Bolivia 50,73) and almost seven times for mortality (Puerto Rico 3,3 Vs Nicaragua 21,67).
Introduction
Cervical cancer remains the number one cause of mortality due to malignant neoplasm among 20 to 40-year-old women in Latin America, and the third most common cause of cancer death in females, second only to breast cancer and lung cancer.
In a recent study, the World Health Organisation (WHO) admitted that as many as 529,409 women worldwide will be diagnosed with cervical cancer, and 274,883 will die from the disease. No less than 80% of this burden is borne in less developed countries [1] .
In America, it is estimated that there are around 92,136 cases and 37,640 deaths per year, representing a significant economic loss, projected at being potentially greater than US$ 3,6 billion [2]. This is a pathology that has been recognised for more than 50 years as being a disease linked to the sexual habits of women or their partners [3, 4, 5] and furthermore whose incidence clearly disproportionately impacts women from the poorest social strata, and the most economically disadvantaged regions [6] ; to the extent that mortality rates from this cancer are three times higher in Latin America and the Caribbean than in the United States and Canada [2] .
The variations between countries in the region, for the period from 2000 to 2012, taken from the GLOBOCAN reports [7] , show a difference in the rates, standardised per 100,000 women, of up to five times the incidence (Puerto Rico 9.73 v Bolivia 50.73) and almost seven times the mortality (Puerto Rico 3.3 v Nicaragua 21.67). These differences are more strongly linked to unequal access to control measures than as a consequence of differences in the sexual conduct of the populations.
Descriptive aspects of cervical cancer in Latin America
It is useful to draw comparisons with data on the global incidence of cervical cancer. Figures 1 and 2 show the specific distribution, which has led to the development of cervical cancer known as third most common cancer worldwide. Economically better off regions clearly show lower rates, with notable exceptions in North Africa, the Arabian Peninsula, and some near Asian areas, which while they are not part of the most economically developed areas of the world, show low rates, possibly due to the up keep of religious mores favouring conservative sexual conduct; a similar observation was presented by Drain et al in a work analysing determinants of cervical cancer rates in underdeveloped countries [8] . In Latin America, cervical cancer puts an enormous strain on the health system [2], presenting as the third most common cause of female cancer death, second only to lung and breast cancer; although in some countries, such as Honduras, Nicaragua, El Salvador, Bolivia, Paraguay, and Ecuador, it remains the principal cause of female cancer deaths. Nonetheless, it is one of the most preventable and curable forms of cancer, as shown by cancer statistics from developed countries.
In Latin America for 2012, almost 70,000 cases and 28,000 deaths from cervical cancer occurred, according to information compiled from GLOBOCAN data [7] .
The Pan American Health Organisation estimate for 2012 was around 36,000 deaths from this type of cancer across America with 80% of these deaths relating to Latin America and the Caribbean www.paho.org/cancer/cervicalcancer [9].
The descriptive epidemiological method is a valuable tool when referring to the social behaviour of disease, especially in relation to chronological trends, geographical distribution or individual factors.
This article is limited to those basically descriptive aspects of the epidemiology of cervical cancer in Latin America, as well as to understand its natural history and the evaluation of screening procedures and the possible impact of the vaccine against human papillomavirus (HPV), as a contribution to the understanding and control of the disease.
Evaluation of chronological trends and geographical distribution of cervical cancer, observed between 2000 and 2012, shows a reduction in mortality in absolute terms, from 31,000 deaths in 2000 to 28,000 in 2012 [7] . This trend is obviously not proportionally distributed, and while in the majority of countries, there has been a reduction in mortality, but mortality rate increases in some countries. www.ecancer.org ecancer 2015, 9:577 Standardised rates per 100,000 women according to the world population model Source: GLOBOCAN (2000 GLOBOCAN ( , 2008 GLOBOCAN ( , 2012 ).
The incidence of cervical cancer in Latin America shows a tendency over time very similar to mortality; a marked variation can be seen between countries in Table 1 and Figure 3 .
Individual factors include those variables linked to the personal characteristics of the women affected by the problem being studied. More than five decades of epidemiological evaluation has indisputably determined its relationship to the sexual habits of women and their partners; [4] as well as other characteristics, which constitute the risk profile associated with the greater probability of this cancer presenting in certain women [3] .
A descriptive evaluation of the magnitude of the problem and its principal defining characteristics is shown below:
Magnitude of the problem
Along with the data mentioned in previous paragraphs and supported by tables, quantifying the significant scale of the problem by incidence and mortality figures, it would be useful to use a different social and economic disease indicator. Over the past few decades, years of potential life lost have been used for this. However, their calculation requires access to information on the age distribution of women with cervical cancer across all Latin American countries, which is fairly difficult to obtain. www.ecancer.org Other essential statistics are those relating to life expectancy among the female population in the countries analysed, which can be obtained from World Bank indicator reports [10] .
To avoid the stated difficulties, a mathematical model was applied based on the assessment carried out over the course of more than 20 years monitoring the behaviour of cervical cancer in Venezuela. This has shown a marked stability in indefinitely maintaining an average age of death of 55 years and a fairly stable percentage distribution by age group, as is shown in Figures 6, 7 This allowed us to maintain the hypothesis, to be set out in a subsequent study, of similar behaviour in all other Latin American countries.
By applying the same percentage distribution by age at death for each country, it is assumed that the average age of death will equally be very close to 55 years. In our experience of analysing trends of mortality due to cervical cancer over a number of years, we have noticed that the average age is very close to the median in each annual series, which moreover have a pattern that approximates to a normal curve; consequently, taking the value of the average age at death and subtracting it from life expectancy would give us a value close to the average number of years of life lost by each death, and by multiplying this by the total number of deaths per period, we can estimate somewhat approximately the real number of years of life potentially lost, as shown in Table 3 , which establishes for the region a loss of 633,000 potential years of life, especially in areas where the woman is the fundamental factor in a nuclear family. www.ecancer.org Knowledge of distribution by age group is determined by the design of control strategies, meaning that its constant monitoring is needed for detecting possible variations over time.
As previously stated, in Venezuela, monitoring has been maintained, based on incidence rates by age group, expressed in classes spanning 5 years, which we have maintained since 1980.
Very similar curves have been observed, rising rapidly from class 20-24, up to 45-49, with the ascent slowing up to 55-59; beyond this point, the incidence rate begins to decrease. Therefore, this renders questionable the frequent affirmation by clinical specialists pointing to an increase in cases in younger women, which is simply an effect of population (larger current population in this age group means more cases, but not an increased risk, and still less a change in the natural history of this pathology).
As we have already shown, the average age of the cases and of death has remained stable in Venezuela ( Figure 6 ) and there is a substantial enough basis for the stability of the natural history of this cancer [11] to suppose that the same must be happening in the rest of Latin America.
Demographic factors include illiteracy, poverty and poor hygiene practices, little access to health services or attention to investigatory programmes based on periodical smear testing. These factors are consistently linked to higher incidences of, and mortality due to, cervical cancer, from which comes the connotation that it is a third world cancer, or the view that a high mortality rate from cervical cancer is an indicator of underdevelopment, but it is certain that the impacts of these factors are given in determining the influence of risky sexual habits and the lack of timely and appropriate access to prevent and control measures.
Other factors, such as smoking habits, are indicated in various studies to be tied to an increased risk of cervical cancer, linked to a doubling of risk to women smokers and correlating positively to the greater intensity and duration of the habit [12] . The discovery of nicotine and the derivatives of tobacco smoke in cervical mucus, signalled by Schiffman, [13] suggest a possible biological mechanism through immunesuppression, which encourages infection by the HPV.
Nutritional deficiency is a risk factor which has been closely evaluated, especially in relation to its potential application in chemoprevention. Evidence based on epidemiological studies exists showing that nutritional deficiency, in particular in vitamins A and C, lead to increased risk of cervical cancer. In one International Agency for Research on Cancer (IARC) study, high-and low-risk regions are compared, and a decreased risk is shown in areas with increased consumption of vitamin C and beta carotene [14] . Other studies in Italy and the USA support these results [15] .
A multicentre study of cases and controls did not find any relationship between increased risk and levels of carotenoids, vitamin A or vitamin C, measured through information on the consumption of 75 types of foods [16] .
Over the course of many years, cervical cancer has been linked with sexual and reproductive factors. The first antecedents date from the observations of Doménico Rigoni-Stern in 1842 [17] who described his discoveries in a statistical investigation across a number of decades of cancer mortality in the population of the Verona region of Italy, which showed the absence of cervical cancer in nuns, and a greater incidence in married or widowed women than among single women; this was followed almost a century later by the publication of similar discoveries by Lebian Gagnon [18] in Quebec.
However, from the 1960 onwards, numerous works were published, many of which were included in the systematic revision by I D Rotkin [19] in 1973, aiming to identify an infectious agent which, by transmission through sexual contact, could be the cause of this type of cancer.
It was Harald Zur Hausen [20] Acceptance of HPV as a necessary factor in the development of cervical cancer lends value to the description of other sexual factors that could play a complementary role; these include initiation of sexual activity at a young age, which could be characterised as being under 18 years old, and risky sexual habits, defined as having more than two partners over the course of a sexually active life, with whom the relationship lasted not less than three months, or similar sexual habits in the male partner.
The increased risk posed by initiation of sexual activity at a young age is attributable to immunological immaturity of the cervical epithelium which allows for a viral infection and not as a factor in itself.
Risky sexual habits are directly linked to the possibility of infection by one or a number of the high-risk forms of HPV. The particular distribution of cervical cancer in certain regions of the world, which show the very low levels of mortality associated with restrictive sexual habits, consistently reinforces the role of sexual factors.
New Guinea is one of the examples that can support this hypothesis. It is an island located to the north of Australia, whose western portion belongs to Indonesia, and hence, the majority of the population are practising Muslims and mortality rates are much lower than the eastern part, Papua New Guinea (Figure 1 ), an independent country where only a minority of the population belong to this religion; thus highlighting variations in sexual habits as the cause of the marked difference.
The natural history of cervical cancer has been recognised in the last four to five decades, without there have been major changes beyond differences in the nomenclature of precancerous lesions or the identification of the HPV as the necessary agent, but not sufficiently to have developed and evolved into a malignant neoplasm. The importance of understanding the natural history of this pathology is in its application to control measures. As can be shown in Table 4 , pre-cancerous lesions can be detected 5 to 10 years before women become clinically symptomatic [11] , thus identifying these lesions gives a good chance of arresting the development of the pathology.
Early detection monitoring procedures for cervical cancer or its precursor lesions have been in place for some time, ever since the early development of the Aurel Babes and George Papanicolou cervicovaginal cytology technique [22] and colposcopy developed by Hans Heinselman [23] .
Cervicovaginal cytology has had a significant impact on the control of this disease, despite having numerous detractors. However, it is not a simple method, as in order to be effective, it requires a well-structured organisation, supported by a population-based programme and a health system with well-defined levels, with complete decentralisation of the regular collection of cytology samples at clearly defined intervals, and with a protocol based on the epidemiological knowledge and potential of the cytology method. It requires well-equipped cytopathology laboratories, capable of processing no fewer than 40,000 smears annually, with strict quality controls and sufficiently qualified staff; and it also needs clinics for referring cases (Cervical Pathology Clinic), located strategically and with trained staff, able to promptly assess and treat (if necessary) all cases identified by cytological testing, who must have been located, given an appointment and treated appropriately, according to the programme protocol.
It is evident from the above that it is not a simple method, and it is also clear that it can operate with good results on an "opportunistic" basis, as in the USA, but this is only possible in countries with a high income per inhabitant, with costs that are multiples of those of scheduled, population-based research, as has been demonstrated in Scandinavia, Great Britain and many regions of France, Italy or Germany [24] .
Appropriate, regular, well-structured access to cytology has been the main factor in determining the difference between countries at high risk and those at intermediate or lower risk ( Table 5 ). The knowledge, though limited, obtained from Pan American Health Organisation (PAHO) reports [25, 26] on the percentage of cytology cover in Latin American countries fits fairly precisely inside the epidemiological profile of countries at low risk with mortality rates below 10, countries at intermediate risk with rates of 10 to 15, and countries at high risk, above 15. Some countries do not report on their cytology cover, such as Puerto Rico, but this should be close to the average for the USA which is 80%. Others, such as Venezuela or Panamá, report only cover corresponding to the Ministry of Health, and the percentage should therefore be around 50%. This correlation, which provides a fairly good match between good rates of cytology cover and low mortality rates and vice versa, is why we have accepted that the most decisive risk factor in mortality due to cervical cancer is the absence of appropriate cytological testing.
Other detection methods, such as direct visualisation of the cervix with acetic acid (visual inspection with acetic acid: VIAA) or with iodine (visual inspection with Lugol's iodine: VILI) carried out by nurses or trained technicians, have gained importance in recent years, and these may be an option in rural populations with an under-developed health system [27] . With the advent of molecular biology techniques applied clinically for the diagnosis of high-risk types of HPV, which offer promising prospects in the more efficient detection of high-grade intraepithelial lesions [28] , and which are gaining ground as costs are falling, and which offer a greater potential for large-scale use, we will thus have tools that facilitate monitoring and reduce the huge health and socioeconomic burden represented by cervical cancer in Latin America. www.ecancer.org ecancer 2015, 9:577 The majority of Latin American countries have begun HPV vaccination in recent years, but there is insufficient information available on the rates of cover achieved. Although appropriate vaccination levels have been reached, the impact of the effectiveness of the vaccine in preventing cervical cancer will not be observed for about 20 years. Screening procedures with the methods and adaptations specific to each region should therefore be maintained, along with efficient vaccination cover, to achieve effective control of cervical cancer in coming decades.
In an empirical mathematical model, which we use to measure the long-term impact of vaccination in Venezuela and on the premise that the current mortality rate remains stable or shows a slight downward trend, results would begin to be observed from the next 15 years onwards and the greatest impact would be achieved in about 30 years, as shown in Figures 9 and 10 , which show a reduction of approximately 50,000 cases between 2030 and 2060, with a percentage reduction of 30.7%; a rapid fall in the number of cases should occur from 2060.
Source: Central Cancer Registry, Oncology Programme, MPP Health.
Note: 85% Efficacy is attributed to the vaccine. 
Conclusion
Cervical cancer has affected the human race for millennia and has wreaked havoc owing to its social and economic scale and impact, particularly in the disadvantaged regions of the world. The fight to control it has been slow; however, it is a clear example of how the development of medical knowledge in diagnosis, therapy, and prevention is paying off in terms of health.
The advent of vaccines to prevent infection by HPV types 16 and 18, which in worldwide studies have proved to be linked to 70% of the risk of suffering invasive cervical cancer and appear to have cross immunity for types 31, 33, and 45, as well as new research prospects involving low-cost procedures and potential widespread application for the detection of HPV risk types, suggest that the fight against cervical cancer is on the way to being won and that this achievement will undoubtedly have a key role in epidemiology.
